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o_uvkn`¯sr'pvx&3` x:l2p6xnp1©N`l2[u1l(Lstkknu{lnstk|±-`_«§yZ\[`%3sx2`_ols^¦¢so_u1lnspvrstkx2p1©v`_5§
¨£`'xnp1©N`rp1)ln[u{lLs¤ pvx sk¦k2u1lnstkm±`_ln[`_r l2[`kni3k|l2` ^ stk¦kno&[`_3q¢tu{¢¤`N§Z\[`'s3`Yuµpv
l2[stkx2pjp{%stkl2p qs¢t uk2o&[`_q¢¤`[sto&[ knu{lnstk|±-`_k6l2[`µ¢tu1l2` ro i o!pvr-k|l2x2uvs¤r~l2k_§  sx2kml_°:`µknq3¥
XpNkn`
ln[u{l µstk6knu{lnstk|±-`_«§ ¨`³o pvrkns` xLln[`®k2o&[`Y3q¢`
Ns¤©N` r sr ±vqxn` 5_sl2[ u{¢¢:pN-`_x2u{lnspvrk
E ∈
⋃
H∈Γ+AB(C,D)
M(H, D)
k2o&[`Y3q¢`_¦X`!pvx2`
sD
u{r¦uv¢¤¢pN-`_x2u{lnspvrk
E ∈
⋃
H∈Γ−CD(A,B)
M(A, H)
k2o&[`Y3q¢`_
-` l|.`_` r
sA
u{r
sC
§y­:`_o_u{qkn`;p{?l2[skkno&[`Y3q¢`%knu{lnstk|±`Yk:ln[`%¢tu1l2` ro io!pNrkmlnx&u{srNl&k §
¨£`dknqXpNkn`¯ln[u{l0¡sk\k2u1lnstkm±`_«§HZ\[`dx2pjp{«pv¢¢p1kyl2[`dk2u{^¦`¯xnsro s¤¢`_k\uNk<X`!pNxn`¯qkmsr?ln[`
k2o&[`Y3q¢`¯Ns¤©N` rsr±Nqx2`5_¡srpvx&3`_x<l2p?x2p1©v`ln[u{l.l2[`%kmi3kmln`_^ sk\k2o&[`_3q¢uv¢¤`N§Z\[`l2[` pNxn`_^ sk
xnp1©N`_
 
A B DC
 svqx2`(5_Fyg3o&[`_3q¢`%s¢¤¢qkmlnx&u1lnsrLln[` pvx2` ^0
C A D B
 svqx2`(5 OFyg3o&[`_3q¢`%s¢¤¢qkmlnx&u1lnsrLln[` pvx2` ^0
ÁÂÃ5ÁÅÄ
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G = (V , E)
*.># ! 	#   K"! #$%-=%< #/
 # #/	&-  / '0;# ,,-
/%	.#O #/	  , - #	:	,# 0 A 1   %-=% ,   .O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)  )#
 O - )&- ),/	#+.O#	
(A, B)
 / 0.>#)# 
-EO 	#/OL O= - #/
 / '0    	.,)#/0/ A /H&
n
#/	
(Ci, Di), ∀i{1, 2, . . . , n}
-  / 0. )#/<
- O 	#/O#/	  O= - / #/=
LAB ≥
∑
H∈W
CH
? 5Y B
/ O,	. 
W = M(A, B)
⋃
⋃
i∈{1,...,j};E∈ltAB(Ci,Di)
M(Ci, E)
⋃
⋃
i∈{j+1,...,k};E∈ftAB(Ci,Di)
M(E, Di)
⋃
⋃
i∈{k+1,...,m}
M(Ci, Di)
-
/ O,	.
j < k < m < n
#/	 & 
#/	.#O(*	 ),	 / '0 O ),)/H"! 	.,)#/0/ #/	@#     
LCiDi ≥
∑
H∈{M(Ci,Di)
S
⋃
E∈ftCiDi (AB)
M(E, B)}
 
H
-
∀i ∈ {1, . . . , j}
LCiDi ≥
∑
H∈{M(Ci,Di)
S
⋃
E∈ltCiDi (A,B)
M(A, E)}
 
H
-
∀i ∈ {j + 1, . . . , k}
LCiDi ≥
∑
H∈M(Ci,Di)
CH
-
∀i ∈ {k + 1, . . . , m}
#/

LCiDi ≥
∑
H∈{M(Ci,Di)
S
M(A,B)}
CH
-
∀i ∈
{m + 1, . . . , n} 1
  ¾5¾	¡Z\[`x2pjp{«sk<^6uv3`ji¦3pvq¢¤`¯s¤^¦¢sto u1l2s¤pNr5§  s¤x&k|lY°N:`x2p1©v`\l2[`¯s¤x2`_o!l<s¤^¦¢sto u1l2s¤pNr5§¨`
[-u²©v`%l2[u1ldln[`¦knijkmln`_^¸skdkno&[`_3q¢tu{¢¤`?[so&[µ^L`Yu{rkln[` x2`¡stkdu
kno&[`_3q¢`
S ∈ S
[sto&[k2u1lnstkm±`_k
uv¢¤¢<ln[`
¢u{ln`_ro!i o!pNrk|l2x2uvs¤r~l&kF
sB − sA + CB ≤ LAB
°
∀L(A, B) ∈ S
§µ­:q3l
sB − sA + CB
sk
l2[`6kmq^p{\o!pN^Lq3l2u{lnspvr®l2s¤^¦`Yk%p{:pvX` x&u1lnspvr-k[sto&[ u{x2`¦k2o&[`Y3q¢`_³x2pv^
sA
lnp
sB
§6­:`_o uvqkn`
pvln[`
uvxml2suv¢.pNx2` xY°ln[`'km` lLpvln[`
pN-`_x2u{lnspvrkLkno&[`_3q¢`_JxnpN^
sA
l2p
sB
o!pNrNl&u{srkLu1l?¢`_uNk|l
knpv^¦`¦pvX` x&u1l2s¤pNrkd-`_¢¤pNrvsrlnp
M(Ci, Di), ∀i ∈ {1, 2, . . . , n}
§6Z\[`6pN-`_x2u{lnspvrk;pv
M(Ci, Di)[so&[µuvxn`Lkno&[`_3q¢`_®xnpN^
sA
l2p
sB
u{x2`¡vs©v`_r®ji³kno&[`Y3q¢s¤rpvx&3`_x¯pvypvX` x&u1lnspvr-k
Ci
°
Di
°
A
°
B
°
∀i ∈ {1, 2, . . . , n}
srk2o&[`Y3q¢`
S
§Z\[`_xn` pvx2`¡:`¡[u²©N`l2pkmlnqi®u{¢¢>l2[`¦-p~knkns¤¢¤`?pvx&3` x&kpNx
l2[`_kn`l|.p uvs¤x&kLp{;pvX` x&u1l2s¤pNrk °<sC§ `v§ knsÀ¶pvx&3` x&k¦kmqo&[¶ln[-u1l
A
stk6u{¢:u²i3kLkno&[`Y3q¢`_ X`!pvx2`
B
°
uvr
C
-` pvx2`
D
§\}¢tkmp-°-u{^¦pNrLln[`Lkms¤À
pNx23`_x2k_°3X`_o uvqkn`
(A, B)
stksr³xn`_¢u{lnspvrEA sl2[
(Ci, Di)
°
l2[`¦pvx&3` x&k
sA + CA ≤ sB + CB ≤ sCi + CCi ≤ sDi + CDi
u{r-
sCi + CCi ≤ sDi + CDi ≤
sA +CA ≤ sB +CB
u{x2`<pNxns` r5§LIFlyx2` ^6u{srk%-p~knkns¢¤`o_uvkn`_kpvxyk2o&[`Y3q¢s¤rdl2[`u{sx&k
(A, B)uvr
(Ci, Di), ∀i ∈ {1, 2, . . . , n}
F
ÃÃ ËMONP,Q%R
N  LO,/	
5v§
sA + CA ≤ sCi + CCi ≤ sB + CB ≤ sDi + CDi , ∀i ∈ {1, 2, . . . , j}
;
3§
sCi + CCi ≤ sA + CA ≤ sDi + CDi ≤ sB + CB , ∀i ∈ {j, . . . , k}
;
§
sCi + CCi ≤ sA + CA ≤ sB + CB ≤ sDi + CDi , ∀i ∈ {k + 1, . . . , m}
;
§
sA + CA ≤ sCi + CCi ≤ sDi + CDi ≤ sB + CB , ∀i ∈ {m + 1, . . . , n}
;
­:`_o_u{qkn`¡pv.¢` ^¦^6u
°Sln[`6o uNkm` 5?s^¦¢s¤`Ykl2[u1luv¢¤¢pvX` x&u1l2s¤pNrkX` ¢pvrvsrl2p
M(A, E), E ∈
Γ−Ci,Di(AB),
∀i ∈ {1, 2, . . . , j}
u{x2`;k2o&[`Y3q¢`_
xnpN^
A
l2p
C
§\a.pNrkn`~q` r~l2¢¤iN°-`Yo uvqkm`
Ci
stkk2o&[`_3q¢¤`Y
X`!pNxn`
B
°jln[`dx2`_kml:pvpvX` x&u1l2s¤pNrk.-`_¢¤pNrvsrl2p
M(A, B)
°sD§ `N§pvX` x&u1lnspvr-k<X` ¢pvrNs¤r¡l2p
M(E, B), E ∈
ftCiDi(A, B)
u{x2`dk2o&[`_q¢¤`YX`!l|:` `_r
Ci
u{r
Di, ∀i ∈ {1, 2, . . . , j}
§
­:`_o_u{qkn`%p{H¢` ^¦^6u6°-ln[`?o uvkn` 5%s^L¢¤s`_kln[u{ldu{¢¢5pN-`_x2u{lnspvrkX` ¢pvrvsr¦lnp
M(E, Di), E ∈
Γ+AB(Ci, Di),
∀i ∈ {1, 2, . . . , j}
uvxn`dkno&[`_3q¢`_6xnpN^
B
l2p
Di
§<a.pvrkn`~q`_r~ln¢iv°~-`Yo u{q-km`
Ci
stk\kno&[`Y3q¢`_6X`!pNxn`
B
°Yln[`.xn`Yk|l>pvpvX` x&u1l2s¤pNrk«X` ¢pvrNs¤rlnp
M(Ci, Di)
°²sD§ `N§pN-`_x2u{lnspvrk«X` ¢pvrvsrlnp
M(Ci, E), E ∈
ltAB(Ci, Di)
u{x2`dk2o&[`_q¢¤`Y-` l|.`_` r
A
uvr
B
§
­:`_o_u{qkn`pv¢` ^¦^6u°l2[`?o_uvkn`?¦s^L¢¤s`_kln[u{l¯u{¢¢pvX` x&u1lnspvr-k-`_¢¤pNrvsr6l2p
M(Ci, E), E ∈
Γ−AB(Ci, Di),
∀i ∈ {j + 1, . . . , k}
uvxn`³k2o&[`_3q¢¤`Y xnpN^
Ci
lnp
A
§a.pNrkn`~q` r~l2¢¤iN°.X`_o_u{qkn`
A
stkkno&[`_3q¢`_
X`!pNxn`
Di
°¯ln[`£x2`_kmlpv¡pvX` x&u1l2s¤pNrkX` ¢pvrvsr l2p
M(Ci, Di)
°dsC§ `v§0pvX` x&u1lnspvr-kX` ¢pvrNs¤rlnp
M(E, Di), E ∈ ftAB(Ci, Di)
u{x2`%kno&[`Y3q¢`_
-` l|.`_` r
A
u{r
B
§
­:`_o_u{qkn`¡pv<¢` ^¦^6u°Sl2[`¦o uvkn`Ls^L¢¤s`_k¯ln[-u1l%u{¢¢pN-`_x2u{lnspvrk¯-`_¢¤pNrvsrlnp
M(E, B), E ∈
Γ+CiDi(A, B),
∀i ∈ {j+1, . . . , k}
u{x2`\kno&[`Y3q¢`_¡xnpN^
Ci
l2p
Di
§Ha.pNrkn`~q` r~l2¢¤iN°1-`Yo u{q-km`
A
skHk2o&[`Y3q¢`_X`!pNxn`
Di
°vl2[`x2`_kmlyp{«pvX` x&u1l2s¤pNrkHX` ¢pvrNs¤r;lnp
M(A, B)
°jsC§ `v§pvX` x&u1l2s¤pNrkHX` ¢pvrNs¤r;lnp
M(A, E), E ∈
ltCi,Di(A, B)
°uvxn`%k2o&[`_q¢¤`YX`!l|:` `_r
C
u{r
D
§
Z\[`¦o uNkm`Ls^¦¢¤s`_kln[-u1l%u{¢¢pN-`_x2u{lnspvrk¯-`_¢¤pNrvsr6l2p
M(Ci, Di), ∀i ∈ {k + 1, . . . , m}
u{x2`
k2o&[`Y3q¢`_¡xnpN^
A
lnp
B
§Z\[`o_uvkn`:%3pj`Ykrp{lyu{¢¢p1lnp%k2u²is¤XpN-`_x2u{lnspvrkX` ¢pvrNs¤rdl2p
M(A, B)uvxn`;k2o&[`_3q¢¤`Yx2pv^
Ci
l2p
Di
§
Z\[`£o uNkm`³s^¦¢s¤`Yk6ln[-u1luv¢¤¢¯pvX` x&u1l2s¤pNrk6X` ¢pvrNs¤r l2p
M(A, B)
u{x2`®kno&[`_3q¢`_ x2pv^
Cil2p
Di, ∀i ∈ {m + 1, . . . , n}
§JZ\[`'o uNkm`
3pj`_kLrpvl¦uv¢¤¢p18lnp£knu²i s¤pvX` x&u1l2s¤pNrk?-`_¢¤pNrvsr®l2p
M(Ci, Di)
u{x2`%kno&[`Y3q¢`_xnpN^
A
lnp
B
§
I r®o pvro ¢¤qknspvr5°jl2[`¡kn`!lp{pvX` x&u1l2s¤pNrk:[sto&['uvxn`k2o&[`Y3q¢`_xnpN^
A
l2p
B
o pvr~l2uvs¤r-k °u{l¢¤`Yuvkml_°
l2[`%pvX` x&u1l2s¤pNrk:-`_¢¤pNrvsrLlnp
W = M(A, B)
⋃
⋃
i∈{1,...,j};E∈ltAB(Ci,Di)
M(Ci, E)
⋃
⋃
i∈{j+1,...,k};E∈ftAB(Ci,Di)
M(E, Di)
⋃
⋃
i∈{k+1,...,}
M(Ci, Di)
°[`_xn`+F
j, k, m ∈ N
uvxn`¯ln[`%r-u1lnqx2uv¢«r~q^¡X` x&k:pvx[sto&[l2[`;pv¢¢p1s¤r¦x2` ¢tu1l2s¤pNrk\u{x2`;k2u1l2skm±`Y F
sDi − sCi + CDi ≥
∑
H∈{M(Ci,Di)
S
⋃
E∈ftCiDi (A,B)
M(E, B)}
a
H
°
∀i ∈ {1, . . . , j}
°
ÁÂÃ5ÁÅÄ
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sDi − sCi + CDi ≥
∑
H∈{M(Ci,Di)
S
⋃
E∈ltCiDi (A,B)}
M(A, E)}
a
H
°
∀i ∈ {j + 1, . . . , k}
°
sDi − sCi + CDi ≤
∑
H∈M(Ci,Di)
CH
°
∀i ∈ {k + 1, . . . , m}
u{r
sDi − sCi + CDi ≥
∑
H∈{M(Ci,Di)
S
⋃
E∈M(A,B)
CH
°
∀i ∈ {m + 1, . . . , n}
§
 ¯kmsr
L(A, B) ≥ sDi − sCi + CDi
°X:`¡pN3l2uvs¤rµs¤r` ~qu{¢sl|i;? 5Y/B!§dZ\[`L3sxn`Yol¯s^¦¢so_u1lnspvrµsk
xnp1©N`_«§
¨£`%x2p1©v`dln[`%srj©v`_x2kn`¯s^¦¢so_u1lnspvr>§H¨`%[u²©N`;s¤r` ~qu{¢sl|i ?95Y Bknu{lnstk|±-`_pvx`_uNo&[
-u{sx
(A, B)pNr[sto&[¢tu1l2` ro io!pNrk|l2x2uvs¤r~l:sk:s^LXpNkn`_5§yZ\[sk:^¦`_uvrk.ln[u{l.`d^6u²i¦k2o&[`Y3q¢`x2pv^
A
lnp
B
ln[`
pN-`_x2u{lnspvrk:X` ¢pvrNs¤r?l2p
W = M(A, B)
⋃
⋃
i∈{1,...,j};E∈ltAB(Ci,Di)
M(Ci, E)
⋃
⋃
i∈{j+1,...,k};E∈ftAB(Ci,Di)
M(E, Di)
⋃
⋃
i∈{k+1,...,}
M(Ci, Di)
§Z\[`¡kn`!l
W
o pvr~l2uvs¤rku{¢¢«ln[`?pvX` x&u1l2s¤pNrk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(A, B)
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[so&[knu{lnstk|±`Ykl2[`Lu{xnlnstu{¢
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 

º 3    O./	  	%O # * -E./
/0/ / '0 #/) /L    * # EO #0 	%	, /
/"!>  &A)# ,,- /%	.#O 1  #'(*,"! &,0 ),	A#E!",,	#/ #=  
	. *# * - #   #/	 	 *) - / */H O%0 	 )	. 
 / /  - #=% / 	.#+.:)# 
-
/%	.#O    	)# 09A /H& #/ ( /
 )# 
- O 	#/O 1  	 &'  #=> O 
 0//  !/# / -
/0#/  "!$# !"	%&' 1
¨£`%vs©v`%u{r`!Àuv^L¢¤`;p{Hu¦kmi3kmln`_^)sl2['¢u{ln` r-o!io pvrkmlnx&u{sr~l2k\sr
x2` ¢tu1l2s¤pNr"A§
  %( º    ,
G = (V , E)
*EO !/	.#.$! ,J ! 	 "  /H & '. 0J ,
CA =
1, ∀A ∈ V
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L(H,J)
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kni3k|l2` ^6k?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o pvrsl2s¤pNr
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LX,Y
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M(X, Y )
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k2o&[`Y3q¢tu{s¢¤s¤l|io pvr3s¤lnspvr>§
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pN-`_x2u{lnspvrk-`_¢¤pNrvsr6l2p
M(X, Y )
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o pvrkmlnx&u{sr~l2k\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sr³x2` ¢tu1lnspvr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stk_°u{¢:u²i3k_°3kno&[`Y3q¢tu{¢`v§yZ\[sk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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[sto&[uvxn`;sr
x2` ¢tu1l2s¤pNr5§
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(A, B)
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(Ci, Di), ∀i ∈ {1, 2, . . . n} 1
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[sto&[³knu{lnstk|±-`_k\u{¢¢5¢tu1ln`_ro!i
o!pvr-k|l2x2uvs¤r~l2k_°jqkns¤r¦sr`~quv¢¤s¤l|i ? 5Y/B
 

º 3   /	A# %-=% , /H n )#/<
- O 	#/O&-K&(*	,)
.+O#  0,E#) -.O 	#" $ / 0.4E' * ,	%    A# (%
n(n − 1) 1
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(O, R)
  
	.,)#/0/ 8:8 /H #@O /O,	4# ,,- O%	#/O 1  	% -(
/< &#(#@)# ,,- ./% 	#0
LX,Y
#	.A! 	# ,	(&# O % ,) ./<#/0/  (, ,) .O,	.# 0 *)'!/'!4 
M(X, Y ) 1
 O, #  -"! &	  -HO %-=%<   .O./)# *)A )#
  -( )@& ),)/H"! 	)# 0OA#	#/    
LAB ≥
∑
X∈{M(A,B)
S
⋃
Y ∈ltAB(C,D)
M(C, Y )}
 
X
LCD ≥
∑
X∈{M(C,D)
⋃ ⋃
Y ∈ftCD(A,B)
M(Y, B)
⋃
M(M, F )}
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X
LMF ≥
∑
X∈M(M,F )
CX
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





LAB ≥ CA + CG + CH + CI + CB + CC + CK
LCD ≥ CC + CI + CJ + CK + CL + CD + CM+
CN + CF + CH + CB
LMF ≥ CM + CN + CF
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S = {sO ≤ sP ≤ sR ≤ sE ≤ sA ≤ sG ≤ sC ≤ sK ≤ sI ≤ sH ≤ sB ≤ sM ≤ sN ≤ sF ≤ sJ ≤
sL ≤ sD}
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